For centrally located lung cancer invading the bronchial orifice and pulmonary artery, double-sleeve resection is an alternative to pneumonectomy. We have performed robotic double-sleeve resection in 4 patients and describe herein the technical aspects. No patient was converted to thoracotomy and no postoperative complication occurred. All the patients were alive during follow-up. Robotic doublesleeve resection is feasible in selected cases.
INTRODUCTION
For centrally located lung cancer invading the bronchial orifice and pulmonary artery (PA), double-sleeve resection (bronchoangioplastic) is an alternative to pneumonectomy [1] . It is challenging and mostly conducted via thoracotomy. There were scarce reports about robotic or video-assisted thoracic surgery pulmonary double-sleeve resection from previous publications [2, 3] , and the experience was still quite limited. We have performed robotic double-sleeve resection in 4 patients and describe herein the technical aspects, short-and mid-term results.
MATERIALS AND METHODS
The patient demographics are presented in Table 1 and Fig. 1 . A lateral decubitus position with double-lumen intubation was adopted. We advocated a 3-arm robotic technique using the da Vinci Surgical System SI (Intuitive Surgical, Sunnyvale, CA, USA). Some technical aspects were introduced in our previous work [4] . The camera port was place in the 7th intercostal space (ICS) of the midaxillary line. Another 2 ports were made in the 6th ICS of anterior axillary line and the 7th ICS of posterior axillary line for robot arms. The utility incision was in the 4th ICS before anterior axillary line (Supplementary Material, Fig. S2 ). We preferred to use the ProGrasp and Hook Cautery in the left arm and right arm for dissection. In general, pulmonary vessels and fissures were transected using an endostapler by the surgeon assistant from the utility incision. Sometimes, a silk thread could be introduced. Retracting the silk and using the rotary endocutter could facilitate the stapling. The bronchus was transected with the Hook Cautery and further trimmed with robotic scissors. The proximal and distal parts of the affected PA were freed and evaluated for reconstruction. The proximal part was occluded by a thoracoscopic clamp. The distal part was occluded by a bulldog clamp. The tumour was resected, and the specimen was placed in the costophrenic angle. After finishing the anastomosis and releasing the clamp, the specimen could be safely pulled out through utility incision. Before performing the anastomosis, the lymph nodes were dissected, the pulmonary ligament was freed and haemostasis should be achieved to prevent any tension on the anastomosis. After a robotic needle driver was introduced, we adopted the continuous running suture for both the bronchial (4-0 polypropylene) and the PA anastomoses (5-0 polypropylene). The anterior wall was sewn after finishing the posterior wall. The knot was tied either using robotic arms intracorporeally or using a knot pusher by a surgeon assistant extracorporeally. When finishing the PA anastomosis, the bulldog clamp was opened to expel the air before tying the knot. The clamp of the main PA was slowly released to check bleeding from the anastomosis. No 
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RESULTS
The mean console operation time was 149.3 ± 27.4 min (range 128-189 min). The mean intraoperative blood loss was 125.0 ± 50.0 ml (range 100-200 ml). No case was converted to thoracotomy, and no postoperative complication occurred. The median postoperative hospital stay was 8.5 ± 1.3 days (range 7-10 days). All the patients were followed up (range 8-20 months). Cases 1 and 3 had a relapse after 16 and 5 months, respectively.
DISCUSSION
Double-sleeve resection is a challenging procedure even via a thoracotomy. However, we successfully performed 4 doublesleeve cases in a minimally invasive way. The 3D vision and endowrist technology of robotic surgical platform facilitated the dissection, especially during suturing [5] .
The following are some tips:
I. Lymph nodes should be cleaned, and the pulmonary ligament should be freed in advance to avoid any manipulation on the anastomosis. II. The bronchial-to-bronchial and arterial-to-arterial stumps should be correctly oriented to avoid any distortion. III. A continuous running suture can be safe and time saving. IV. The utility incision can be easily extended for a thoracotomy in case of an emergency by a surgical assistant.
CONCLUSION
In conclusion, robotic double-sleeve resection is feasible in selected cases.
